Abstract. Basonuclin is a protein possessing three pairs of zinc fingers and a nuclear localization signal. Expression of the gene is largely confined to keratinocytes of stratified squamous epithelia and hair follicles. In the epidermis and in stratified epidermal cultures, basonuclin is present in the nuclei of cells in or close to the basal layer but not in the nuclei of cells in more superficial layers. The Ki-67 protein, a nuclear marker for any stage of the multiplication cycle is present in only a subclass of basonuclin-containing cells. In cultured keratinocytes, the disappearance of basonuclin mRNA is associated with loss of colonyforming ability and the appearance of mRNA for involuerin, a protein characteristic of terminal differentiation. In hair follicles, the largest reservoir of basonuclin-containing cells is the outer root sheath, which contains precursors of differentiated cells of the hair shaft and of the epidermis. Basonuclin is not a cell cycle marker but is likely instead to be a regulatory molecule whose presence in the keratinocyte is linked to the maintenance of proliferative capacity and prevention of terminal differentiation.
basonuclin mRNA is associated with loss of colonyforming ability and the appearance of mRNA for involuerin, a protein characteristic of terminal differentiation. In hair follicles, the largest reservoir of basonuclin-containing cells is the outer root sheath, which contains precursors of differentiated cells of the hair shaft and of the epidermis. Basonuclin is not a cell cycle marker but is likely instead to be a regulatory molecule whose presence in the keratinocyte is linked to the maintenance of proliferative capacity and prevention of terminal differentiation.
T HE synthetic activity and protein composition of the keratinocyte of stratified squamous epithelium depends on the location of the cell in the epithelium. Basal cells synthesize kerafins 5 and 14 (Nelson and Sun, 1983) and proteins with an anchoring function, such as type VII collagen (Sakai et al., 1986) , integrin cdi B4 (De Luca et al., 1990; Stepp, 1990; Jones and Watt, 1993) , the bullous pemphigoid (BP) 1 antigen of hemidesmosomes (Owaribe et al., 1990; Amagai et al., 1990 , and kalinin (Rousselle et al., 1991) . When cells become suprabasal, they stop making these proteins and instead make keratins 1 and 10 (Fuchs and Green, 1980; Woodcock-Mitchell et al., 1982; Fuchs, 1990) and other proteins characteristic of terminal differentiation, such as involucrin (Rice and Green, 1979; Watt and Green, 1981) , filaggrin (Steinert et al., 1981) , loricrin (Mehrel et al., 1990; Steven et al., 1990) , cornifin (Kartasova et al., 1988; Marvin et al., 1992) , and sciellin (Kvedar et al., 1992) . These proteins are all cytoplasmic or organellar, and define the phenotypes of the cells of the different layers.
In addition to structural proteins, there should be others with regulatory function. Basonuclin may be such a protein; as it possesses numerous zinc fingers (Tseng and Green, 1992) , it may be presumed to bind DNA and to regulate transcription, although neither has yet been demonstrated. We corresponding to a molecular weight 120K on Western blots prepared from cell lysates of cultured keratinocytes.
For immunofluorescence studies, the antiserum to the fusion protein was purified (Harlow and Lane, 1988) by attaching the protein to a solid support, applying the antiserum and eluring it at pH 2.5. The purified antiserum stained basal epidermal keratinocytes, whereas affinity purified pre-immune serum did not.
Indirect Immunofluorescent Staining
Cultured cells or frozen tissue sections were fixed with acetone-methanol (1:1) at -20°C for 10 rain and the specimens were then air dried. Antisera were diluted in isotonic phosphate buffer (PBS) with or without 5 % bovine serum albumin and filtered through a Nalgene filter unit (0.2 t~m). Rabbit antibodies were combined with biotin-labeled goat antiserum to rabbit IgG (Tago Inc., Burlingame, CA) and labeled with Texas red Streptavidin (Pierce Chemical Co., Piscataway, NJ). Mouse monocionai antibody to involucrin was detected with goat antiserum to mouse IgG coupled to FITC (Tago Inc.). All washes were done with 0.1% NP-40 in PBS. DNA was stained with Hoechst 33258 (Fluka) at 1 tLg/ml for 2 rain. Anti-BrdU and anti Ki-67 monoclonal antibodies were purchased from Becton Dickinson & Co. (Mountain View, CA), and Dako Corp. (Carpinteria, CA), respectively. Mouse monoclonal antibody to acidic keratins (AE-1) and to involucrin (SYS) were gifts from Dr. T.-T. Sun (New York University School of Medicine, New York, NY) (Tseng et ai., 1982) and Dr. E Watt (Imperial Cancer Research Fund, London, U.K.) (Hudson et al., 1992) , respectively. Micrographs were taken with Kodak Ektachrome 400, Ektar 1000 or Fujicolor 200.
BrdU Labeling and Staining
A concentrated stock solution of BrdU (Sigma Chemical Co,, St. Louis, MO) was made at 1 mM in distilled water. Cultures were incubated with a 1:100 dilution for 20 h and fixed. After fixation with acetone-methanol, cultures were stained with antiserum to basonuclin and secondary antibody, and the specimen was fixed with 3.7 % formaldehyde in PBS for 10 min. The DNA was then denatured with 4 N HCI in 0.1% solution of Triton X-100. The denatured specimen was washed with PBS and incubated with antiBrdU antibody (Leonhardt et al., 1992) .
Centrifugal Elutriaaon
Human keratinocytes were grown to confluence in flasks, trypsinized, and coUected by centrifugation. The cells were fractionated according to cell size by methods described earlier (D~nna et al., 1988; Teumer et ai., 1993) . The ceils were resuspended at 2 × 107 cells/ml in the DulbeccoVogt modification of Eagle's medium supplemented with 5 % calf serum and 0.004% of DNase. The separation chamber and the connecting tubing of a JE-6B elutriation rotor assembled in a Beckman J2-21M induction drive centrifuge was s~erilized with 6% hydrogen peroxide for 30 rain. The hydrogen peroxide was removed by flushing with sterile water and the chamber of the rotor was filled with culture medium. With the rotor speed at 1,000 rpm, the cells were loaded at a constant flow rate of 4.2-4.6 nil/re_in. At the end of the loading, the flow rate was increased stepwise and at each new flow rate, a 150-ml fraction was collected and placed on ice. The increments of flow rate were determined empirically and varied from experiment to experiment. Usually a total of six fractions were collected. Cells in each fraction were centrifuged and resuspended in a smaller volume (2-5 ml) of complete medium. A drop of cell suspension was photographed in a hemacytometer for size measurement and cell counts. To assess colony-forming ability, 1,000 cells from each fraction were inoculated into 100 ram Falcon tissue culture dishes. The rest oftbe cells were lysed for RNA preparation.
Experiments on Megacolonies
Megacolonies are keratinocyte colonies of area greater than 1 c m 2 (Barrandon and Green, 1987a) . To compare the colony-forming ability of ceils from the central and the peripheral regions of a megacolony, single cells were cloned, placed in the center of 60 mm dishes and cultivated for 17 d. The peripheral and central regions of a colony were defined as the regions containing the outer one third and the inner two thirds of the radius, respectively. For wounding experiments, megacolonies were grown on 150 rnm dishes by inoculating 10-20 cells/dish and cultivating for 16-18 d. Wellisolated colonies were then chosen for experiments. The outline of a colony was marked on the bottom of the dish with a hypodermic needle. The colony was bisected with a teflon policeman and the cells of half of the colony were then removed with the policeman. The free edge was marked with a needle. Some half-colonies were fixed immediately (control) and others were cultivated for various times before fixation.
Results

BasonucUn Is Found in the Nuclei of Basal Cells of Epidermis and Other Squamous Epithelia
W h e n a collection of tissue samples was examined by Northern analysis, it was found that epidermis was the only tissue of nine examined that gave a strong signal for basonuclin m R N A (Fig. 1) . A faint signal corresponding to a slightly different mobility was detected in placenta and in spleen. The presence o f the protein was tested by extracting keratinocytes with a solution of SDS and separating the proteins electrophoretically for Western analysis. A rabbit antiserum to the sequence of amino acid residues 72-203 of basonuclin, a region lacking zinc fingers, detected a protein with mobility corresponding to 120 kD. Cultures of epidermal, corneal, and esophageal epithelial cells contained basonuclin by this assay, but neither the protein nor its m R N A was detected in cultured fibroblasts. W h e n cultured keratinocytes were stained with both the rabbit antiserum to basonuclin and a mouse anti-keratin monoclonal antibody AE-1 (Tseng et al., 1982) , all the cells containing basonuclin also contained abundant keratins, confirming their identity as keratinocytes.
w h e n frozen sections of human epidermis were stained Figure 1 . Presence of basonuclin mRNA in various tissues. Approximately 2 #g of polyA + RNA of human keratinocytes were loaded in each lane and fractionated on a 1% formaldehyde-agarose gel. The RNAs were transferred to nylon membrane, whose upper part (containing molecules >3 kb) was probed with basonuclin eDNA and whose lower part (containing molecules <3 kb) was probed with a/~-actin eDNA to check the integrity of the RNAs. The sources of the RNAs are indicated. The exposure times for the upper part and lower part were 3 d and overnight, respectively. Epidermis gave a strong signal for basonuclin mRNA, placenta gave a weak signal (possibly corresponding to a smaller mRNA) and spleen gave a trace signal. All other tissues were completely negative. Figure 2 . Presence of basonuclin in cells of the epidermis. A frozen section of 10 #m in thickness through human plantar skin was stained with an affinity-purified antiserum to basonuclin. Bright staining is mainly confined to the nuclei of [he basal layer (A), but some stained nuclei may also be seen in cells that appear to be just above the basal layer. Compared with the same field stained with Hoechst 33258 (B) it is evident that basonuclin is not uniformly distributed in the nucleoplasm. This is also evident in the double exposure (C) which shows that the basonuclin is concentrated in clusters. The nuclei of the dermal fibroblasts do not contain basonuclin. Bar, 50/~m. with the same antiserum, basonuclin was found to be largely confined to the nuclei of basal or immediately suprabasal cells (Figs. 2 and 3). The basonuclin did not appear uniformly distributed in the nucleoplasm, but was mostly concentrated in nuclear aggregates. Apart from some immediately suprabasal cells, the spinous layer, where terminal differentiation begins, was free of basonuclin. Double staining for basonuclin and for involucrin, a marker of terminal differentiation, with the mouse monoclonal antibody Sy5 (Hudson et al., 1992) showed that the basonuclin disappeared before involucrin made its appearance (Fig. 3) ; this resulted in a narrow zone of cells that no longer possessed basonuclin, but did not yet possess involucrin. The use of preimmune serum as primary antibody gave no visible staining of the epidermis.
Basonuclin and the Cells of Hair Follicles
Stem cells of the hair follicle differ from those of the epidermis in that they are able to give rise to terminally differentiated cells of the hair shaft, while retaining the capacity to generate epidermis. Fig. 4 shows a microdissected hair follicle of human scalp after frozen sectioning and staining for basonuclin. In the upper half of the follicle, the basonuclin-containing cells are distributed in the basal layer of the outer root sheath, which is dontinuous with the epidermis. Below the mid-point of the follicle, basonuclin-containing ceils appear suprabasally as well and eventually occupy all layers of the outer root sheath. In the region close to the bulb, where the Outer root sheath narrows into a single layer of cells, these cells retain basonuclin. In all cells of the outer root sheath, basonuclin is clearly nuclear: the outline of the stain follows closely that of the DNA. In contrast to the outer root sheath, much of the bulb does not contain basonuclin. Keratinocytes possessing basonuclin tend to be located close to the surface of the follicular papilla. In some follicles, basonuclin-containing keratinocytes surround most of the surface of the papilla, but in other follicles they tend to cluster in certain regions close to that surface, particularly in the deepest part of the matrix, which has been thought to contain germinal cells (Reynolds and Jahoda, 1991) . Basonuclin is absent from the cells that form the hair shaft and inner root sheath and from the connective tissue cells within the papilla or surroundirlg the follicle. The sebaceous gland shows some staining in its peripheral part, which is known to contain cells capable of division.
Basonuclin Is Present in Colony-forming Keratinocytes but Absent from Noncolony-forming Keratinocytes
The basal layer of a squamous epithelium contains most of the cells capable of proliferation and these cells are the smallest in the epithelium (Meyer et al., 1970; Rowden, 1975; Yardley and Goldstein, 1976; Barrandon and Green, 1985) . The same is true for the basal layer of stratified cultures (Sun and Green, 1976; Green, 1980; Barrandon and Green, 1985; Albers et al., 1987) . To examine the relation between the presence of basonuclin, the potential for multiplication and the process of terminal differentiation, we trypsinized cultures consisting of growing and terminally differentiating epidermal cells, and separated the cells according to their size, by centrifugal elutriation. Six fractions were collected and RNA preparations were made from each. To monitor proliferative potential, cells of each fraction were tested for their ability to form colonies by plating them at low density, and each fraction was scored for the abundance of cells in terminal differentiation by Northern analysis of RNA using, as probe, the coding region of the gene for human involucrin (Eckert and Green, 1986) . Fig. 5 shows that basonuclin mRNA was confined to the first two fractions; these fractions also contained nearly all the colony-forming cells, but virtually no involucrin mRNA. In the third fraction, the basonuclin mRNA content dropped sharply, the involucrin mRNA content rose sharply, and the cells lost virtually all colony-forming ability. This experiment clearly demonstrated that mRNA for basonuclin was associated with the small cells able to form colonies, and was absent from the larger cells that were terminally differentiating and unable to form colonies.
Basonuclin and the Departure of Cells from the Basal Layer
To further relate the presence of basonuclin to the growth cycle, keratinocyte cultures were allowed to incorporate bromodeoxyuridine (BrdU) for 20 h to label the nuclei of all cells that had entered the S period during a period approximately equal to a generation time. When such a culture was stained with antisera, most of the cells were found to contain both BrdU and basonuclin (Fig. 6) . Quantitative scoring showed that 95 % of cells containing BrdU also contained basonuclin (Table I) . Probably the 5 % of cells containing BrdU but lacking basonuclin became permanently postmitotic after completing the cycle during which they incorporated the BrdU. 25% of cells lacking BrdU contained basonuclin, indicating that presence of this protein is not confined to cells that had traversed the S period during the previous 20 h.
In areas of cell stratification in the cultures, it could be seen that suprabasal nuclei usually lacked both BrdU and basonuclin. Cells occupying basal or suprabasal positions by the criterion of overlapping nuclei were scored for these two markers. Scored nuclei were usually those of pairs of cells of which one was basal and the other suprabasal, but in a few cases one suprabasal nucleus overlapped more than one basal nucleus, in which case all were scored.
The results (Table II) showed that nearly all cells lacking both BrdU and basonuclin were suprabasal. 76% of cells containing both BrdU and basonuclin were basal. The relation between cell position and loss of basonuclin in epidermal cultures is similar to that in the epidermis.
Relation of Basonuclin to the Ki-67 Protein
Ki-67 protein, when it is localized to the nucleus, is a wellknown marker for keratinocytes in any stage of the growth cycle (Miyauchi et al., 1990) . When small epidermal colonies were examined for the presence of Ki-67, virtually all nuclei were found to contain this protein, as well as basonuclin, consistent with the fact that nearly all the cells of such colonies are in exponential growth.
Keratinocyte colonies that are 10-d old consist of a mixture of multiplying and terminally differentiating ceils. In such colonies, cells containing nuclear Ki-67 were always found to also contain basonuclin (Table I) ; but cells containing basonuclin often did not contain Ki-67. This demonstrates
Figur e 4. Basonuclin in cells of the hair follicle. Microdissected
hair follicles from a 29-yr-old human were frozen and sectioned longitudinally by Dr. Yann Barrandon (Ecole Normale Sup~rieure, Paris, France). The section illustrated extends from beneath the bulb below through the region of the sebaceous gland above. The follicle has been stained for basonuclin and for DNA. Basonuclin is present in ceils of the outer root sheath and below the mid-point of the follicle it is present in most or all layers of this stratified epithelium. It is present in the single layer of cells of outer root sheath surrounding the bulb. Basonuclin is present in cells of discrete regions of the bulb close to the follicular papilla. Variability in these regions is shown in A-D, where the DNA has not been stained.
Basonuclin is absent from keratinocytes of most of the inner root sheath as well as from the hair shaft and from the connective tissue cells. Continuity of the outer root sheath with the epidermis is interrupted because of the microdissection. Figure 6 . Basonuclin in relation to cell stratification. 5 d after their inoculation at 5,000 ceils/4 cm 2 chamber, colonies of keratinocytes merged and began to stratify. Such a culture was exposed to BrdU at 10 #M for 20 h, a period long enough to permit many of the cells incorporating BrdU to progress into 132 and G1. The culture was then stained by double immunofluorescence using antisera to both BrdU (A) and basonuclin (B). The nuclei of most cells in the basal layer (arrowheads) contained both BrdU and basonuclin.
Tseng and Green Basonuclin in Keratinocytes
Those nuclei containing neither are nearly always suprabasal as they cast a shadow over the fluorescent BrdU-containing nuclei in the basal layer (A, arrows) . Occasionally, a nucleus may contain BrdU but not basonuclin (cell 1 ) or basonuclin but not BrdU (cell 2). Metaphase chromatin (cell 3) contains both BrdU and basonuclin, which is mainly in the form of clusters or dots. These may be from a few to 20 in number, and are sometimes arranged in strings as in the basal epidermal nuclei (Figs. 2 and 3 ). In the interphase nuclei of the cultures, basonuclih appears to be excluded from the nucleoli, whereas BrdU is not. Bar, 20 #m.
conclusively that basonuclin is not a cell cycle marker, although it is present in all multiplying cultured keratinocytes. The relation between the two proteins was then explored in 17-d megacolonies of 1.3-2.5 cm 2 in area. Expansion of such colonies is almost entirely due to multiplication and centrifugal migration of the cells located in a rim of 0.2 mm in width at the perimeter of the colonies (Barrandon and Green, 1987a) ; the multiplication rate internal to this rim is much lower.
Megacolonies were doubly stained for Ki-67 and basonuclin and fields located in the central and peripheral regions of each megacolony were examined (Fig. 7) . The nuclei of cells located in the peripheral region contained both basonuclin and Ki-67. Ki-67 was concentrated in the nucleoli, a site from which basonuclin was excluded. Cells located in the central region usually lacked nuclear Ki-67, while retaining basonuclin.
The potential for multiplication by the cells in the two regions was then examined. In one kind of experiment, central cells were removed from five megacolonies with a teflon policeman and the remaining peripheral cells were trypsinized, pooled, and inoculated, while peripheral cells were removed from five additional megacolonies and the central cells were trypsinized, pooled, and inoculated. In another kind of experiment, the central and peripheral cells of a single megacolony were separated by the application of a cloning cylinder, each region was separately trypsinized, and the cells were reinoculated. The results are shown in Table III . Colony formation was extensive by cells in both regions. The colonies formed by cells of central regions were not as numerous as those of the peripheral region in experiment I, whereas in experiment II they were; but in both experiments, most colony-forming cells in the central regions were derived from cells lacking Ki-67, since the proportion of cells containing Ki-67 in the central regions was only 4.9 + on each dish and cultured for fourteen days. (C) Northern analysis of total RNAs prepared from elutriation fractions. 20 #g of total RNA were loaded in each lane, fractionated on a 1% formaldehyde agarose gel and transferred to nylon membranes. The RNA was first probed with basonuclin cDNA and exposed to fill for 2 d. This probe was then dehybridized and the RNA was reprobed with genomic clone encoding the human involucrin gene (Eckert and Green, 1986) , using an overnight exposure. Small cell fractions contain the colony-forming cells and basonuclin mRNA. Large cell fractions contain neither, but instead contain involucrin mRNA. Peripheral region 320 64 * Pool of central regions and of peripheral regions each of five megacolonies (strain YF28, 3rd passage). ~t Central and peripheral regions isolated with a cloning cylinder from a single 2.5--cm 2 colony. Colonies were counted 10 d after inoculation of two to four dishes with 500 cells. Colonies of all sizes were scored.
4.7%. The frequency of abortive colonies (Barrandon and Green, 1987b) did not appear to be different for the two regions of the megacolony. Another way of examining the growth potential of the central ceils of the megacolonies was to divide the colonies in half by bisecting them across their centers and removing the cells of one half with a teflon policeman. Irradiated 3"173 cells were then added to the denuded area. At this time, 2.5% of the ceils along the line of bisection contained nuclear Ki-67; but 3 d later, 43 % of cells in the region migrating outward from the line of bisection contained nuclear Ki-67. It is therefore concluded that cells of the central region possessing basonuclin, but lacking Ki-67, may revert to the growing state, and form colonies.
Discussion
Relation of Basonuclin to Multiplication of Epidermal Keratinocytes
We have used common markers of the growth cycle (Ki-67 and ability to incorporate BrdU) to relate the expression of basonuclin to the growth of cultured keratinocytes. Ki-67 is an interesting protein because it is present in the nuclei of multiplying ceils of any type and at all stages of the growth cycle (Gerdes et al., 1983 (Gerdes et al., , 1991 Schltiter et al., 1993) and has been used to evaluate the growth fraction of normal and neoplastic cell populations (Gerdes et al., 1984; Burger et al., 1986) . Ki-67 is associated with the nuclear matrix (Verheijen et al., 1989a) and especially with the nucleoli (Verheijen et al., 1989b) . Only when located in the nucleus is Ki-67 a marker for multiplication in keratinocytes, since nonmultiplying basal epidermal cells and certain cells of the outer root sheath of hair follicles may contain Ki-67 in the cytoplasm (Miyauchi et al., 1990) .
The experiments show that the synthesis of basonuclin is regulated in keratinocytes of squamous epithelium, the protein being present in nearly all basal cells of the epidermis and in some immediately suprabasal cells but absent from more superficial layers. The proliferative compartment of the epidermis should probably be extended to include immediately suprabasal cells, which are sometimes in the growth cycle (Penneys et al., 1970; Sun, 1982, 1983; Van Neste et al., 1983; Weinstein et al., 1984) , but not usually in epidermal cultures (Albers et al., 1987) . The immunocytological experiments show that although basonuclin is present in all epidermal cells in growth cycle, it is not confined to them. The experiments on megacolonies show that basonuclin is present in cells able to enter the growth cycle. Terminally differentiating cells, lacking this ability, also lack basonuclin. Disappearance of basonuclin from cells seems to coincide with the irreversible exit of the cells from the multiplication cycle. Since all cells containing Ki-67 contained basonuclin (Table I ) and basonuclin was not present in terminally differentiated cells, it appears that basonuclin disappears around the time of the final multiplication cycle before the cell becomes postmitotic.
Relation of Basonuclin to Multiplication of Keratinocyte of Hair Follicles
The distribution of basonuclin in the hair follicle appears related to the growth potential of the cells. In rodents, the stem cells are located largely in the bulge, not far below the site of the sebaceous gland (Cotsarelis et ai., 1990; Kobayashi et al., 1993) . In adult human follicles, which lack a morphologically well-defined bulge, the stem cells have been assigned to the upper region of the follicle (Yang et ai., 1993) or alternatively to a region below the mid-point of the follicle (Rochat et al., 1994) . In the lower half of the follicle, basonudin is present in all layers of the outer root sheath. As the outer root sheath approaches the bulb and becomes single layered, the cells still contain basonuclin. From the base of the bulb, basonuclin-containing ceils appear to migrate into a ring surrounding the base of the follicular papilla and then along the outer surface of the papilla to its apex, Matricai cells located deep in the bulb have the highest proliferation rate (Van Scott et al., 1963; Weinstein, 1979) , particularly those located close to the follicular papilla (Philpott et al., 1990) . Above the papilla, cells lose the ability to multiply, and lack basonuclin.
The outer root sheath is a structure continuous with the epidermis and, like the epidermis, gives rise on cultivation to proliferating keratinocytes (Weterings et al., 1981; Limat and Noser, 1986) but the distribution of cells containing basonuclin is quite different in the two epithelia. In the epi- dermis, they are basal, or immediately suprabasal, whereas in the deeper parts of the outer root sheath, whatever the number of cell layers (from 1-5), virtually all nuclei possess basonuclin. A suprabasal location in this part of the outer root sheath is therefore not a signal for loss of basonuclin. It seems possible that the abundance of colony-forming cells in different segments of the hair follicle (Yang et al., 1993; Rochat et al., 1994) could depend, at least in part, on the differing abundance of basonuclin-containing cells resulting from differing degrees of stratification of the outer root sheath in these segments. Even in the hair bulb, the small number of surrounding outer root sheath cells could contribute to the colony-forming cells found in this segment (Yang et al., 1993; Rochat et al., 1994) .
But some cells within the bulb also contain basonuclin. Its presence in keratinocytes located close to the follicular papilla might be explained as a response to signals originating from the fibroblasts of the papilla (Reynolds and Jahoda, 1991; Reynolds et al., 1993) . The basonuclin-containing suprabasal cells of the outer root sheath, most of which are located at a considerable distance from the papilla, must rely on signals from other sources, yet these signals must be different from those reaching the epidermis and the upper part of the outer root sheath, whose cells lose basonuclin when they become suprabasal.
Role of Basonuclin
Basonuclin is a protein with three pairs of zinc fingers (Tseng and Green, 1992) . Since the discovery of the first zinc finger protein (Hanas et al., 1983; Brown et al., 1985; Miller et al., 1985) , many more have been found (Coleman, 1992; Rhodes and Klug, 1993) . A number of zinc finger proteins bind to DNA by gel retardation assay, DNA footprinting, or structure determination. At least 45 zinc finger proteins have been shown to act as transcription factors (Coleman, 1992) . Consequently, a regulatory role in transcription should be suspected for any newly discovered zinc finger protein.
Basonuclin is related to the drosophila protein disco (Heilig et al., 1991) , in that the three pairs of zinc fingers of the former resemble the single pair of zinc fingers of the latter; but apart from the zinc fingers, the two proteins are quite different (Tseng and Green, 1992) . The function of disco has been ascribed to the positioning and connectivity of larval photoreceptor axons . This function seems very different from any possible function of basonuclin, even though the similarity in amino acid sequence of the zinc fingers of basonuclin and disco make it possible that these fingers recognize a similar DNA sequence (Tseng and Green, 1992) . Although it has not yet been shown that disco is a transcription factor, the mutations that lead to loss of function in that protein are located in one or other of the zinc fingers at a cystein residue that should be coordinated with the zinc atom (Heilig et al., 1991) . Further evidence supporting the idea that basonuclin acts as a transcription factor comes from its similarities to the zinc finger protein PRDII-BF1 (Fan and Maniatis, 1990) . These similarities are the possession of a serine stripe (a linear array of exposed serine residues on the surface of a putative c~ helix) and an extended spacer between histidine residues in the second finger of each of two pairs (Tseng and Green, 1992) . PRDII-BF1 is a transcription factor that binds to an identified target sequence in the promoter region of the interferon gene (Goodbourn and Maniatis, 1988; Keller and Maniatis, 1992) .
If this reasoning is correct, then basonuclin is a cell type specific transcription factor regulating genes expressed by keratinocytes; the synthesis of basonuclin is itself regulated at the messenger RNA level in the pathway between stem cells and terminally differentiated products, and when basonuclin disappears from the nucleus, the cell is either no longer able to multiply or gives rise (especially in the hair follicle) to transit amplifying cells of limited growth potential. More direct tests of the action of basonuclin will be necessary to define the causes and consequences of the disappearance of this protein from the keratinocyte.
